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During the 20th century, the Hong Kong Chinese population experienced 2 abrupt but temporally distinct macroenvironmental changes: The transition from essentially preindustrial living conditions to a rapidly developing economy through mass migration in the late 1940s was followed by the emergence of an infant and childhood adiposity epidemic in the 1960s. The authors aimed to delineate the effects of these 2 aspects of economic development on mortality, thus providing a sentinel for other rapidly developing economies. Sex-specific Poisson models were used to estimate effects of age, calendar period, and birth cohort on Hong Kong adult mortality between 1976 and 2005. All-cause and cause-specific mortality, including mortality from ischemic heart disease (IHD), cardiovascular disease excluding IHD, lung cancer, other cancers, and respiratory disease, were considered. Male mortality from IHD and female mortality from other cancers increased with birth into a more economically developed environment. Cardiovascular disease mortality increased with birth after the start of the infant and childhood adiposity epidemic, particularly for men. Macroenvironmental changes associated with economic development had sex-specific effects over the life course, probably originating in early life. The full population health consequences of these changes are unlikely to manifest until persons who have spent their early lives in such environments reach an age at which they become vulnerable to chronic diseases.
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With ongoing economic development and the epidemiologic transition, noncommunicable chronic diseases are expected to soon become the leading cause of mortality in developing countries as well as developed countries (1) . However, in developing countries, the epidemiologic transition is taking place more rapidly than previously occurred in long-term developed countries, with a potentially different impact on population health (2) . We used data on a population that recently went through a rapid epidemiologic transition to delineate the impact of such a transition on mortality, and thus to foretell what may happen in other populations currently undergoing rapid economic development.
The Chinese population of Hong Kong has a unique demographic history which fortuitously allows clear delineation of the inception of 2 abrupt, discrete macroenvironmental changes during the 20th century. The Hong Kong population was largely formed by mass migration in the mid-20th century (approximately 1945-1955 ) from essentially preindustrial China to relatively economically developed Hong Kong (3, 4) , where rapid transition to a postindustrial economy occurred. As a result of this mass migration and rapid economic development, the population of Hong Kong experienced, first, in the late 1940s, a ''stepchange'' in economic development, with corresponding improvements in nutrition, living conditions, and medical care, and second, in the 1960s, the inception of an epidemic of infant and childhood adiposity (5) (6) (7) . Until the early 1960s, children in Hong Kong were generally thin; in 1963, approximately 1% (5) of Hong Kong children had a body mass index (weight (kg)/height (m)
2 ) equivalent to an adult body mass index of 25 or higher, which is considered obese by Asian standards (8) . By 1978, the body mass index distribution had shifted to the right (from a mean of 14.2 to 14.9 at age 5 years) (6) , and by 1993, 13.8% of boys and 9.5% of girls were obese (body mass index equivalent to an adult body mass index of 25 or higher) at age 7 years (7). The distinct and well-defined timing of these 2 macroenvironmental changes in Hong Kong provided us with a unique opportunity to investigate separately the effects of rapid socioeconomic transition and childhood adiposity.
Adult lifestyle is a key driver of the changes in population health that occur with economic development. Nevertheless, living conditions throughout the life course and across generations may also be relevant, with early life being a potentially critical period for adult noncommunicable diseases (9) . Uniquely in Hong Kong, the long-term effects of different levels of economic development during early life can be elucidated from a comparison of mortality by birth cohort, pre-and post-1945. The long-term effects of infant/child adiposity can be elucidated from a similar comparison of mortality pre-and post-1965. Conversely, population-wide effects, regardless of age at exposure, can be deduced from comparisons of mortality by calendar period. Here, we used age-period-cohort models to estimate the effects of age, calendar period, and birth cohort in Hong Kong on all-cause and cause-specific mortality for causes likely to change with the epidemiologic transition (cardiovascular disease (CVD), particularly heart disease, and cancer) (10) or with childhood adiposity (CVD and cancer) (11, 12) . This allowed us to take advantage of Hong Kong's unique demographic history to identify the effects of some increasingly common macroenvironmental changes (rapid socioeconomic development and the epidemic of infant/child adiposity) on long-term population health. Moreover, Hong Kong experienced rapid economic development relatively early among developing economies, along with (as in many other Asian countries) relatively low rates of smoking among women (13) . Hence, Hong Kong may act as a sentinel for other parts of the developing world currently undergoing similarly rapid economic development, such as mainland China.
MATERIALS AND METHODS

Data sources
We obtained age-and sex-specific data on midyear populations and all known deaths (i. (14) .
Outcomes
We considered as primary outcomes all-cause mortality and mortality from major causes expected to be associated with economic development-ischemic heart disease (IHD), other CVD excluding IHD, lung cancer, and other cancers excluding lung cancer. We considered lung cancer separately because changes in smoking patterns with economic development may underlie some of the changes in population health. No information on smoking was collected before 1983 in Hong Kong. Birth cohort trends in smoking may be inferred from birth cohort effects for lung cancer mortality, because lung cancer is mainly caused by smoking and is usually fatal. For completeness, we also considered the other major medical causes of death-respiratory diseases and all other medical causes (mainly digestive disorders; genitourinary diseases; infectious and parasitic diseases; and endocrine, nutritional, and metabolic diseases and immunity disorders). We also considered external causes (accidents, suicides, and homicides) as a ''control'' outcome to identify systematic changes.
Data analysis
Mortality rates were expressed per 100,000 population and were directly standardized to the World Standard Population (15) . We used 11 5-year age groups ranging We used sex-specific Poisson regression to estimate relative risks by age, period, and birth cohort, with 95% confidence intervals (specified in the Appendix). A fundamental problem inherent in age-period-cohort models is that the 3 components (i.e., cohort ¼ period À age) are linearly dependent, making it impossible to estimate all 3 simultaneously in a regression model. There are several ways to overcome this nonidentifiability problem, including using an arbitrary additional reference constraint, estimating slopes (curvature) rather than regression coefficients, and fitting nonlinear effects for 1 or more components (16) . The first method allows presentation of estimated effects as relative risks on age and time scales, although the nonidentifiability problem remains and interpretation should focus on second-order changes (i.e., changes in slopes or inflection points) rather than the absolute values of the estimated risks. The second method directly estimates the slopes (curvature) and is useful in identifying inflection points but has only recently come into use. The third method is appropriate only when there is biologic evidence of nonlinear effects (16) .
We adopted the commonly used technique of an additional arbitrary reference constraint for the period effect (17) (18) (19) (20) , because initial analysis showed that the period effect did not vary as much as the age and cohort effects. In addition, 2 period effects may possibly be similar, whereas disease risk usually varies with age. We plotted the estimates for age, period, and cohort to facilitate the visual identification of second-order changes. To confirm our interpretations, we also plotted the estimated curvature components, which clarify when second-order changes occur. We chose the age group 55-59 years, the time periods 1981-1985 and 1996-2000 , and the 1934-1938 birth cohort as reference categories. Results did not vary in terms of second-order changes with use of different reference categories for the period effects (see Web Figure 1 , which is posted on the Journal's Web site (http://aje.oxfordjournals. org/). We also assessed the contribution of age, period, and birth cohort by means of Akaike's Information Criterion; a lower value indicates a better-fitting model and hence a significant change in effect through time for the relevant component. All analyses were implemented in R software, version 2.5.0 (R Development Core Team, Vienna, Austria).
RESULTS
Age-standardized mortality rates Figure 1 shows the observed age-standardized rates of all-cause and cause-specific mortality in Hong Kong from 1976 to 2005. There was a decline among both sexes, particularly for other CVD (excluding IHD), respiratory diseases, and all other medical causes, with less change for IHD, lung cancer, other cancers, and external causes.
Age, period, and cohort effects
For almost all causes, age, period, and birth cohort contributed to the observed changes in mortality. Models including all 3 components fitted best ( Table 1 ). The only exception was other cancers among women, where there was no period effect. Figure 2 shows the relative risks by period and birth cohort, from which second-order changes (inflection points) have been identified alongside examination of the curvature components ( Figure 3 ). Web Figure 2 (http://aje.oxfordjournals.org/) shows the relative risks by age. In general, mortality increased with age and decreased with birth cohort. There was also a systematic downward inflection for men and women born around 1910. These birth cohorts mainly migrated from China in the late 1940s and had exceeded contemporary Chinese life expectancy at migration (21); with earlier birth cohorts, these represent increasingly strongly selected ''healthy'' migrants (22) .
All-cause mortality
All-cause mortality increased with age. There were upward inflections among women born in the 1940s, corresponding to the first generation of women born into a more developed environment, and then at the inception of the childhood adiposity epidemic for men and women born in the 1960s. These changes can be most clearly seen from the curvature components ( Figure 3 ). For both sexes, the period effect had an upward inflection in the 1980s and a downward inflection in the 1990s.
Mortality from specific causes IHD. IHD mortality increased with age, although less steeply among older men (approximately ages !60 years). Changes by birth cohort differed between men and women. Among men, there was a marked turning point, such that the birth cohort effect reversed direction from decreasing to Mortality from other CVD, excluding IHD, increased with age. The birth cohort curve for men had an upward inflection in the 1940s for the first generation of men born into a more developed environment. The birth cohort curve had an upward inflection in the 1960s, coincident with the inception of the childhood adiposity epidemic and most clearly seen from the curvature components ( Figure 3) ; this was more evident in men than in women. The period effects in both sexes had upward inflections in the 1980s.
Lung cancer. Lung cancer mortality increased with age, although less steeply at older ages. The birth cohort curve had a downward inflection for both sexes in the early 1920s and an upward inflection among women in the late 1940s but among men in the early 1950s-that is, after the inception of economic development. The trend in subsequent birth cohorts was not completely smooth in either sex. The wide confidence intervals indicate that any inflections could be chance fluctuations. The period effects in both sexes had downward inflections in the 1980s.
Other cancers excluding lung cancer. Other cancer mortality increased with age. The birth cohort curve had a downward inflection for both sexes around the early 1920s, while there was an upward inflection for the first generation of women (but not men) born into a more developed environment in the late 1940s, followed by a downward inflection approximately 10 years later. Period effects were not obvious and did not contribute among women (Table 1) .
Respiratory disease. Respiratory mortality increased with age. The birth cohort curve had a downward inflection around the 1910s for women and slightly later for men. There was downward inflection in the early 1930s for men, followed by an upward inflection in the early 1950s-that is, distinct from the inception of economic development or childhood adiposity. Among women, there was upward inflection in the 1940s. There was an upward inflection in the period effect among women in the 1980s and downward inflections for both sexes in the 1990s.
All other medical causes. Mortality from all other medical causes increased with age. The birth cohort curve had no marked inflection for men, while there was a downward inflection for women in the late 1930s, followed by a deceleration in the 1950s that was distinct from the inception of economic development and childhood adiposity.
External causes. Mortality from external causes was consistent with age until around ages 70-74 years, when it started to increase. The birth cohort curve inflections did not clearly coincide with the inception of economic development (1940s) or the childhood adiposity epidemic (1960s). There was an upward inflection among men around the mid1930s, followed by a downward inflection in the early 1950s and an upward inflection in the early 1960s for both sexes.
The period effects in both sexes had an upward turning point in the 1990s.
DISCUSSION
Economic development and the correspondingly improved nutrition, living conditions, and medical care were generally associated with decreasing mortality. In addition, our findings illustrate the possible long-term effects of 2 distinct macroenvironmental events (rapid economic transition and the emerging epidemic of infant and child adiposity) on all-cause and cause-specific adult mortality by age, period, and birth cohort. Common, population-wide exposure to radically improved living conditions over a compressed time frame during the mid-20th century had long-term effects which differed by sex. With birth into a more developed environment, there appeared to be relative increases in cancer mortality for women and increases in CVD mortality, particularly IHD mortality, for men. In contrast, the emerging epidemic of infant and childhood adiposity had long-term effects which were similar by sex. People born after the start of the childhood adiposity epidemic in the 1960s appeared to have relatively higher mortality from all causes and from other CVD, which was most evident for men.
Economic transition
The increased IHD risk for men but not women, associated with birth into a more developed environment, is consistent with the hypothesis that the biologic pathway underlying increased IHD in men with economic development is environmentally and perhaps intergenerationally driven by higher levels of sex steroids during growth (23) (24) (25) . Pubertal sex steroids have well-known physiologic effects that are detrimental with regard to central obesity (26, 27) and lipid profile (28) (29) (30) (31) (32) in men, with correspondingly opposite effects in women (26) (27) (28) (29) . Metabolic profile in adolescence tracks into adult life (33) . Moreover, the increased risk of other cancers among women with the same exposure (i.e., birth into a more developed environment) is consistent with that predicted on the same theoretical basis, due to nutritionally driven levels of sex steroids during puberty (25). These effects appear to be specific to growing up in a developed environment, because once the proportion of the population who had grown up in Hong Kong stabilized at approximately 80% (in the 1960s birth cohorts) (17) , some increases stopped. Conversely, these effects are unlikely to have been due to smoking, because the birth cohort curves for lung cancer did not mirror those for IHD, other CVD, or other cancers. These findings for IHD are also consistent with the sexually dimorphic secular trends in IHD seen historically with economic development in Western populations (34, 35) . At a local level, the findings also explain why Hong Kong has not yet experienced an epidemic of IHD with contemporary economic development. Until very recently, most of the Hong Kong men who were of an age at which they were vulnerable to IHD had grown up in very limited conditions in China (3). On the other hand, our findings are apparently inconsistent with a previous study in Hong Kong (36) ; however, that study did not include recent birth cohorts or recent deaths and so could not detect changes by birth cohort in the 1940s. Our findings for cancer are consistent with an increase in hormonally driven (breast and ovarian) cancers, accompanying economic development or migration to more economically developed locations (37) (38) (39) (40) .
The lack of any downward inflection in CVD mortality with birth into a more developed environment (approximately the 1940s) is not consistent with Western studies, in which markers of early living conditions, such as leg length and height, are negatively associated with CVD (41) (42) (43) . However, that association is less marked in non-Western populations (44) (45) (46) and is not congruent with the association between height and CVD risk across countries (41) . As such, it suggests that the association between better childhood conditions and lower CVD risk in Western populations may be epidemiologically stage-specific or perhaps the result of residual confounding by intergenerational socioeconomic position (44) rather than due to childhood conditions. The lack of any clear downward inflection in Figure 2 . Parameter estimates for cohort (circles) and period (triangles) effects of socioeconomic development on mortality in Hong Kong, 1976 Kong, -2005 , among men (left-hand panels) and women (right-hand panels), for: A) all causes, B) ischemic heart disease, C) other cardiovascular diseases excluding ischemic heart disease, D) lung cancer, E) other cancers excluding lung cancer, F) respiratory disease, G) all other medical causes, and H) external causes. Bars, 95% confidence interval.
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Am J Epidemiol 2010;171:345-356 mortality from other cancers with birth into a more developed environment may be arising from the specific pattern of cancers with different etiologies. Because of the rapid history of economic development, cancers with a long latency associated with infections, such as stomach cancer, nasopharyngeal cancer, and liver cancer, are still relatively common, although their incidence is declining (47) , while cancers associated with more plentiful childhood conditions, such as colorectal, prostate, and breast cancer (48) , are becoming more common (47) . However, a study of cancer incidence in relation to socioeconomic development may be more illuminating. Alternatively, it is possible that the lack of any downturn in mortality from CVD or other cancers with birth into improved living conditions in Hong Kong is due to the self-selection of healthy migrants with, specifically, daughters prone to cancer and sons prone to IHD. Mortality from external causes did not have a pattern similar to that of CVD, cancer, and respiratory disease. However, external causes were only a control outcome used to verify that the results for the other outcomes were not merely reflections of systematic changes. 
Childhood adiposity epidemic
With the emergence of the childhood adiposity epidemic in the 1960s, the upward inflections by birth cohort for CVD are consistent with the effect of adiposity on CVD risks (49) . This could indicate that infancy and childhood are critical periods when adiposity particularly affects risk or that the cumulative impact of lifetime adiposity starting in childhood drives risk. Childhood adiposity is positively associated with heart disease in adulthood (50) . There is no record of when adult adiposity emerged in Hong Kong. However, there is no obvious effect of increasing adult adiposity, perhaps because adult adiposity had already reached a plateau by the start of the period considered in 1976. Alternatively, there may have been 2 opposing changes since 1976 of improved treatment for CVD and increased adiposity.
These distinct effects of economic transition and childhood adiposity are potentially relevant to many developing countries, where economic transition may be even more compressed, with an almost immediate transition from preindustrial conditions to adiposity in young and old alike. Under these circumstances, the full population health consequences of economic transition and the epidemic of infant and childhood adiposity on mortality may not be evident until persons who have spent their early lives in such macroenvironments reach an age at which they become vulnerable to noncommunicable chronic diseases-probably 50 or 60 years after the original changes took place. However, deleterious consequences of childhood adiposity can occur early in life, as evidenced by the rising rates of type 2 diabetes (51), high blood pressure (11), heart disease (11, 50) , and other disorders that used to be medical oddities among children and adolescents. As such, our findings draw attention to the importance of taking action now during the current demographic window of opportunity.
Limitations
Despite these potential insights, there are caveats to these findings. First, our study was descriptive; we can only speculate about the etiologies of the observed changes. Second, our study considered only all-cause mortality and some broad categories of death. However, our aim in this study was to investigate the relative effects by age, period, and cohort of the epidemiologic transition from communicable diseases to noncommunicable diseases and the emerging epidemic of childhood adiposity. Third, our results depended on the quality of the mortality data, as do all other studies of the same type. During the study period, virtually all deaths in Hong Kong occurred in hospitals, facilitating accurate ascertainment of causes of death. Last, with overlapping confidence intervals at the turning points, especially towards the more recent birth cohorts, it is apparent that a longer period of data collection would help clarify the effects of the obesogenic environment that became more obvious in the 1970s, since not everyone has reached the age at which they will become vulnerable to the relevant chronic diseases. Because of this imprecision and the limitations of ecologic analyses of aggregate data, we are cautious in our interpretation. Particularly, women have lower death rates than men and wider confidence intervals for some causes of death in the recent cohorts, so the effect of the epidemic of childhood adiposity on CVD mortality in women is less clear than in men. Further work to quantify impacts on mortality into the future would be valuable; nevertheless, because CVD mortality is relatively common, small changes may have substantive effects.
Macroenvironmental changes brought on by economic transition increased mortality from IHD for men born into a more developed environment and possibly also from cancer for such women. The emergence of the childhood adiposity epidemic appeared to be associated with a relative increase in CVD mortality for both sexes, particularly for men, by birth cohort. The macroenvironmental changes associated with economic development have specific effects which extend over the life course, probably originating with early-life exposures. The full effects on mortality may not be evident until possibly 50 or 60 years after the original macroenvironmental changes took place. However, detrimental effects on CVD morbidity may occur in younger people and may be evident relatively quickly-hence the importance of taking action now.
